The Al-Fe-Ti system has been assessed and the limiting binary systems are shortly reviewed.
Al-Fe system
Since the assessment of the Fe-Al system by Kattner [48] (Fig. 2) numerous new results have been obtained within this system. Many of them concern details of the B2 and D0 3 orderings and the variation of the vacancy concentration as function of temperature and composition in the Fe-rich part of the system. As they are too numerous to be dealt with in detail within the scope of the present assessment, discussion will focus on selected works only. Fig. 2 . The Fe-Al system according to the assessment by Kattner [48] .
The phase equilibria between αFe (A2), FeAl (B2), and Fe 3 Al (D0 3 ) have been re-investigated by in situ high-temperature neutron diffraction [49] and by investigations of diffusion couples [50] . In the latter study it was found that the αFe/αFe + Fe 3 Al phase boundary is actually at higher Fe contents below 450 °C than suggested in the assessment by Kattner [48] . The phase equilibria between the bcc phases have also been calculated by the Monte Carlo (MC) method
[51], MC and cluster variation (CVM) methods [52] , and the Kirkwood method [53] .
Compositions of the Al-rich intermetallic phases at 1000 °C have been experimentally determined in Refs. [54] and [55] .
The liquidus in the Al-rich part has been investigated by differential thermal analysis (DTA) [56] . It has also been investigated by differential scanning calorimetry (DSC) and subsequently the stable and metastable Al-rich parts have been calculated [57] . The solubility of Fe in liquid Al has been calculated by Pashechko and Vasyliv [58] . 
Effect of alloying the binary phases with the third component
A prominent feature of the Al-Fe-Ti system is the large solid solubility of Al in the binary Fe-Ti phases. In the C14-type Laves phase Fe 2 Ti (crystallographic data of all phases are given in Table 1 ) more than two-thirds of Fe can be substituted by Al [67] . Al substitutes for The maximum solid solubility for the third component, the lattice parameter(s) for this composition, the temperature for the maximum solid solubility and the respective reference are given. The structure of is tentative (see text) and their description is therefore given in brackets. n. 
Ternary phases
The existence of two ternary intermetallic phases has been confirmed. The phase τ 2 is stable over a wide range of compositions and, depending on composition, exists in two polytypes Kainuma et al. [72] for the same composition range. Still details on the stability of the three phases discussed above need further clarification.
Liquidus surface
The basic layout of the liquidus surface has been established by Seibold Ducher [20] . The reaction scheme shown in Fig. 4 In the reaction scheme in Fig. 4 The reaction scheme presented in Fig. 4 is in accordance with the recent versions of the binary sub-systems, with the liquidus projection shown in Fig. 3 and the isothermal sections, which are discussed in the following section. LOM: Light optical microscopy; SEM: Scanning electron microscopy; TEM: Transmission electron microscopy; XRD: Powder X-ray diffraction; EPMA: Electron probe microanalysis; DSC: Differential scanning calorimetry; when given in brackets the technique has been employed but no specific results are reported.
Invariant reactions and reaction scheme

Isothermal sections
As there are a considerable number of investigations on phase equilibria in the temperature range 800-1000 °C, which are at least to most parts qualitatively in accordance with each other, complete isotherms for 800 °C (Fig. 5a ), 900 °C (Fig. 6 ) and 1000 °C (Fig. 7a) [67]. Additional EPMA results from Ref.
[67] are given for the adjacent phase equilibria.
The isotherm for 800 °C (Fig. 5a ) is based on the one by Palm et al. [67] . This isotherm had been experimentally determined by metallography, XRD, and EPMA on quenched samples (cf. Nwobu et al. [104] determined the phase equilibria between αTi and βTi at 800 °C and their results are in good agreement with the isotherm shown in Fig. 5a . In contrast most of the data determined for Al-rich Al-Ti alloys with Fe contents up to 8 at.% Fe [105] are in disagreement with Fig. 5a . As these data apparently lead to the improbable phase diagram proposed by Yang and Goo [105] they have not been considered in Fig. 5a . Ohnuma et al. [78] Fig. 5b . These results clearly show the existence of a twophase field between αFe (A2) and L2 1 , and the respective changes have been made in Fig. 5a .
The isotherms shown in Figs. 5a, 6 and 7a have also been updated to comply with the recent assessment of the Al-Ti system [33] . Fig. 6 shows the isothermal section at 900 °C. It has been basically adopted from Ref. [106] with adjustments for the binary Fe-Ti and Al-Ti systems, the composition of the ternary melt The isothermal section at 1000 °C (Fig. 7a) is based on the work by Gorzel et al. [4] , which was an updated version of a previous study [67] . As for this temperature a considerable amount of additional data is available now, several amendments compared to the original isotherm have been made in Fig. 7a . Besides adjustments for the Fe-Ti and Al-Ti binary systems, the composition of the ternary melt has been corrected according to Ducher et al. [66] . Phase equilibria in the Ti-rich corner of the Al-Fe-Ti system at 1000 °C have been determined by Kainuma et al. [71] . Their compositions measured for two-phase FeTi + βTi fit perfectly with those from Palm et al. [67] , while their other data supplement the missing phase equilibria in the Ti corner (Fig. 7a) . Though Kainuma et al. found that βTi forms a continuous range of solid solutions with FeTi at 1000 °C this feature has not been adopted in Fig. 7a for reasons discussed in Section 3. Consequently the single-phase areas of βTi and FeTi as determined by Kainuma et al. [71] are separated by a narrow two-phase field in Fig. 7a and the adjacent three-phase equilibria are indicated by dashed lines. Mabuchi et al. [107] determined partial isothermal sections at 1000 and 1150 °C around the phase τ 3 . Qualitatively most of their results for 1000 °C are in agreement with the isotherm shown in Fig. 7a , except that they find the two-phase equilibrium TiAl 2 + τ 2 * instead of Fe 2 Ti + τ 3 at this temperature.
As the respective invariant reaction involving these four phases takes place slightly below 1000 °C (U 15 at ≈970 °C, Fig. 4 ) it is assumed that the blowing air quenching employed in
Ref.
[107] was insufficient to suppress this reaction on cooling. The stability ranges of A2, B2
and D0 3 /L2 1 shown by dotted lines in Fig. 7a are derived from the summary of the experimental information in the Fe corner at 1000 °C (Fig. 7b) .
At higher temperatures some information exists for 1200 and 1300 °C (cf. Table 3 ). Fig. 8 shows a sketch of the isothermal section at 1200 °C based on the available experimental data.
These data are from Mazdiyasni et al. [92] for phase equilibria involving τ 3 , Kainuma et al.
[72] and Tokar et al. [98] for αTi + βTi + TiAl, hitherto unpublished studies by Ducher of αFe/TiAl diffusion couples of ternary Al-Fe-Ti alloys and quinary alloys containing additional amounts of up to 0.5 at.% Nb + Cr, and from Ducher et al. [66] for the compositions of the liquid at the three-phase equilibria. These data are in good agreement with each other and also in accordance with the binary systems except for two points. The tietriangle reported by Tokar et al. [98] is at variance with the data reported by Kainuma et al.
[ It is noted that also for temperatures below 800 °C some information on phase equilibria exists (cf. Table 3 ). 
Magnetic and electrical data
Thermochemical, atomistic and diffusion data
There are few data available for the ternary Al-Fe-Ti system. Bros et al. [112] measured the heat content of various Ti-Al-X alloys, amongst which an alloy with 9.5 at. % Al and 2.1 at.
% Fe. They used drop calorimetry up to 600 °C and compared their results with measurements on pure Ti. Thermodynamic properties of alloys of aluminium with iron and titanium have been studied by Gerashchenko and Temnogorova [113] .
There are also only few data available on diffusion within the Al-Fe-Ti system. Only recently diffusion data for tracer diffusion of 59 Fe within TiAl single crystals [114] and polycrystalline Fe 3 Al-based alloys [115] have been reported. Finally, it is worth to mention that stress induced phase transformation in two-phase αTi + βTi alloys has been studied by Koike et al.
[116].
Modelling
Databases for CALPHAD-type calculations have been made available for each of the corners of the Al-Fe-Ti system. The concerted European COST action 507 has led to the development of a database for aluminium alloys [117] for which assessments were however limited to the description of binary and some ternary systems, but not the Al-Fe-Ti one. In fact, no CALPHAD-type description of the whole ternary Al-Fe-Ti system is available at present. As a matter of fact, the only tentative CALPHAD-type assessment of the Al-Fe-Ti system is due to Dew-Hughes and Kaufman [118] who calculated the 1000 °C isotherm. The extension of both the Laves phase and the B2-ordered phase FeTi in the ternary system was unexpected for these authors, who assumed that Al should have substituted Ti in both phases, and this led them to perform new experiments which just confirmed previous data. Their conclusion, which appears still valid, is that further theoretical studies should attack the problem. 
